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(57) A method for providing services with guaran- 
teed Quality of Service (QoS) in an IP access network. 
In this method, when the network control layer applies 
for network resources to the access network as re- 
sponse to the service request of needing guaranteed 



QoS, the edge router determines whether the access 
network can provide enough resources for the service. 
If there are enough resources, the edge router sends 
QoS parameters to the access network end devices 
which make QoS control to get a guaranteed QoS. 



The service entity obtaining the addresses of the 
calling and called subscribers and QoS 

parameters of the service through analyzing the 
service request, then applying for network 
resources to corresponding access network 
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If there are upward traffic streams of the access 

network in this service , the edge router 
informing an access network end device of the 
QoS requirement for the service , the access 
network end device processing the traffic 
streams according to the QoS requirement ; if 
there axe downward traffic streams of the access 

network in mis service , die edge router 
transforming the service levels into priorities in 
ac cess network for this service and forwarding 
file traffic 
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Description 

Field of the Technoiogy 

[0001] The invention relates to network access tech- 
nology, more particularly to a method for providing serv- 
ices with guaranteed Quality of Service (QoS) in an In- 
ternet Protocol (IP) access network. 

Background of the invention 

[0002] At present, IP network of telecommunication 
service provider can only provide data services as pos- 
sible. Along with the number of broadband network sub- 
scribers increases, the service requirements on IP net- 
work are getting more, such as Voice over IP (VoIP) and 
videoconference etc. These real-time services have 
strict requirements for QoS. 

[0003] As shown in Fig.1 , a whole IP network consists 
of access/edge layers and a backbone layer. The ac- 
cess/edge layer involving the network devices that are 
closest to the subscribers generally consists of low end 
switches, such as Layer 2 and Layer 3 switches, a Dig- 
ital Subscriber Line Access Multiplexer (DSLAM) and an 
edge router. Subscribers of a broadband IP network of 
a telecommunication service provider or a company can 
access to the broadband access network through vari- 
ous ways such as XDSL/Ethernet etc. The broadband 
access network collects all traffic streams to the edge 
router connected to the backbone network. The edge 
router is responsible to route and forward traffic streams 
in this access network and manage accessed subscrib- 
er. 

[0004] In IP network, in order to provide an end-to- 
end QoS for service requirements of subscribers, such 
as VoIP or video-telephone etc., it is necessary to pro- 
vide end-to-end guaranteed QoS not only in IP back- 
bone network, but also in access network. 
[0005] Due to design ideas, in general there is no 
means for guaranteed QoS in prior IP network. In order 
to adapt the development of network applications, vari- 
ous methods for guaranteeing QoS have been pro- 
posed, including integrated service model and differen- 
tiated service model. But these methods relate to net- 
work layer technology and cannot be used for access 
network because the devices in access network are 
mainly located in link layer. 

[0006] At present, there are two methods for providi ng 
an end-to-end guaranteed QoS for IP access network. 
[0007] In the first prior method, a concept about pri- 
ority of Ethernet frame is defined in IEEE Standard 
802.1 p protocol for Ethernet environment. In general, 
there is no priority definition for ordinary Ethernet 
frames, but in the 802.1 p as well as the 802. 1q, four 
bytes are added in an Ethernet frame. Three bits among 
the four bytes are used to represent priority of the Eth- 
ernet frame. During sending the data packets which are 
required very high real-time ability, the host or switch will 



set the three added bits in MAC frame header to show 
the frame has high priority. In this way, when there is 
heavy data traffic at Ethernet switch, data packets with 
high priority will be forwarded first. Fig.2 shows a gen- 

5 eral Ethernet frame format, and Fig .3 shows an Ethernet 
frame format defined by 802.1 q and 802. 1p protocols. 
As shown in Fig.2 and Fig.3, the TCI, P, C and VLAN 
fields are newly added in general Ethernet frame. 
Among these fields, the P field uses three bits to repre- 

10 sent priority which can be set at 8 levels with 0-7. 

[0008] In prior 802.1 p protocol used for access net- 
work, the priority represented with three bits of P field is 
set based on port, Media Access Control (MAC) address 
or Virtual Bridged LANs (VLAN) information. The access 

15 network devices then make dispatching and forwarding 
operations according to the priority information. 
[0009] Although the priority information can be set 
based on port, MAC address or VLAN information in the 
QoS process in prior 802. 1 p, the priority can only be as- 

20 sociated with a subscriber and cannot with a specific 
service of a subscriber. Therefore, the requirement that 
different services should have different priorities cannot 
be satisfied. Besides, the network topology and resourc- 
es cannot be obtained in this method : so it is impossible 

25 to determine whether a guaranteed QoS can be provid- 
ed for a subscriber service based on the network re- 
sources. 

[0010] At present, there is no QoS control mode for 
ATM DSLAM. Inthe second prior method, forafew ATM 

30 DSLAMs provided guaranteed QoS, a Permanent Vir- 
tual Circuit (PVC) from the Remote Terminal Unit (RTU) 
to the Broadband Access Server (BAS) for a special 
subscriber is established, or a PVC from the DSLAM to 
the BAS but tied with the user port is established. In this 

35 way, traffic streams can be transmitted with Constant Bit 
Rate (CBR) mode. Since a single subscriber uses the 
whole broadband, the QoS for subscriber service can 
be guaranteed at this segment of access network 
[0011] The mode that a single subscriber uses the 

40 whole broadband is similar to the mode of a leased line. 
Although this mode can ensure QoS at a certain seg- 
ment of access network for the subscriber, it is not suit- 
able for being spread in access network with conver- 
gence characteristic and it can only provide guaranteed 

45 QoS for a few special subscribers. The mode of estab- 
lishing PVC cannot make the network sources be 
shared. Accordingly, this method can only be used for 
special applications and cannot be commonly used in 
access network. 

50 

Summary of the Invention 

[001 2] An object of the invention is to provide a meth- 
od for providing services with guaranteed QoS in an ac- 
55 cess network. 

[0013] The method according to the invention com- 
prises the following steps: 
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a. a service entity at the network service control lay- 
er obtaining the addresses of the calling subscriber 
and the called subscriber and QoS requirement for 
the service through analyzing the service request, 
then applying for network resources to correspond- 
ing access network of the IP access network; 

b. the edge router of said access network determin- 
ing whether enough resources can be provided for 
this service according to the current resource con- 
dition, if so, executing step c, otherwise rejecting the 
service request of the subscriber; and 

c. if there are upward traffic streams of the access 
network in this service, said edge router informing 
an access network end device of the QoS require- 
ment for the service, the access network end device 
processing said traffic streams according to the 
QoS requirement; 

if there are downward traffic streams of the access 
network in this service, said edge router setting priority 
in access network for this service and forwarding said 
traffic streams. 

[0014] In this invention, the edge router can manage 
resources of an access network, and inform the access 
network end devices of the QoS req uirement of the serv- 
ice, and then let the end devices make stream classifi- 
cation operations and QoS processes. When there are 
no enough resources for the service, theservice request 
will be refused. In this way, the QoS of the working traffic 
streams can be guaranteed. The combination of the 
method according to the invention and the method for 
providing services with QoS in backbone network can 
provide end-to-end services with guaranteed QoS all 
over the network. The invention overcomes the disad- 
vantages that the access network devices cannot iden- 
tify services and cannot obtain the information about re- 
sources and manage resources so that QoS cannot be 
guaranteed in the prior art. 

Brief Description of the Drawings 

[0015] 

Figure 1 shows the architecture of an IP network. 

Figure 2 is a schematic diagram illustrating the for- 
mat of a general Ethernet frame. 

Figure 3 is a schematic diagram illustrating the for- 
mat of an Ethernet frame defined by 802.1 q and 
802. 1p protocols. 

Figure 4 is a flowchart diagram of the Invention. 

Figure 5 shows the architecture of the IP network 
according to an embodiment of the invention. 



Detailed Description of the Invention 

[0016] Referring to Fig.1 , the prior networking mode 
for access network is not changed in the invention. A 
5 whole IP network consists of access/edge layers and a 
backbone layer. The access/edge layer involving the 
network devices that are closest to the subscribers gen- 
erally consists of low end switches, such as Layer 2 and 
Layer 3 switches, a DSLAM and an edge router. Sub- 
scribers of an IP network of a telecommunication service 
provider or a company can access to the IP access net- 
work through various ways such as XDSL/Ethernet etc. 
The IP access network collects ait traffic streams to the 
edge router connected to the backbone network. The 
edge router is responsible to route and forward traffic 
streams in this access network and manage accessed 
subscriber. An IP access network consists of multiple 
access networks logically, and each subscriber is man- 
aged by one of the access networks. The router of each 
access network is responsible for resource manage- 
ment and QoS control for access network in this access 
network. After traffic streams leave the access network, 
the IP backbone network is responsible for providing 
guaranteed QoS for the traffic streams. 
[0017] An access network is defined as an access 
network area managed by an edge router. All subscrib- 
ers in the access network area can access to the back- 
bone network through the edge router. In term of func- 
tion, access network devices in an access network can 
be divided into three types. Thef irst type is edge routers, 
such as edge routers R1 and R2. As output devices of 
the access network, the edge routers are used to con- 
nect the access network and the backbone network. 
Meanwhile, they are the first IP hops for a user to access 
Internet. The second type is end devices of the access 
network which are the devices closest to the subscrib- 
ers, such as DSLAM for XDSL access and L2 switch for 
LAN access. The devices of the third type are the net- 
work devices located between the devices of the first 
type and those of the second type. In practice, there can 
be the devices of the third type in the network or not. For 
XDSL, there may be no devices of the third type, and 
for LAN access, the devices of the third type are usually 
switches L2 and L3. For example, the access network 
area 1 is managed and connected to the backbone net- 
work through edge router R1 , the subscriber 1 of. access 
network 1 can access to the edge router R1 through 
switch L2-1 etc. 

[0018] In this invention, the access network end de- 
vices should have the ability of accepting and process- 
ing QoS commands from the edge router and the ability 
of classifying traffic streams. Here, the access network 
end devices refer to the network devices at layer 2 or 
higher layer in access network which are the most 
closed to subscribers. Meanwhile, it is necessary for the 
end devices to identify traffic streams according to QoS 
parameters, to manage bandwidth and set priority. 
[0019] As shown in Fig. 4, the method according to 
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the invention comprises the following steps. 
[0020] I n step A, the service entity at th e network serv- 
ice control layer analyzes the service request with QoS 
requirement to obtain the addresses of the calling sub- 
scriber and the called subscriber and QoS parameters 
about this service, then applies to the corresponding ac- 
cess network of the IP access network for network re- 
sources. 

[0021] If a subscriber in an access network wants to 
use a service with guaranteed QoS, such as VoIP call 
and video telephone call etc., the subscriber needs to 
submit a request to corresponding service entity. When 
the request has been received, the service entity judges 
the service rights of the subscriber and makes address 
analysis of the calling subscriber and the called sub- 
scriber. Then the service entity determines QoS param- 
eters for this conversion, such as bandwidth etc., and 
applies for the necessary network resources to the edge 
router. The method of applying for network resources to 
edge router can be direct or indirect, such as through 
policy server, resource controller etc. The interface pro- 
tocol used for resource application can be either an in- 
ternal interface protocol or an open interface protocol 
depending upon the implementing method of providing 
guaranteed QoS in the backbone network. 
[0022] The QoS parameters sent to the edge router 
from the service entity include, but not be limited to, 
bandwidth, directions of the traffic streams and param- 
eters for identifying the traffic streams. The directions of 
service streams can be unidirectional (upward or down- 
ward) or bi-directional. According to the application en- 
vironment, the parameters for identifying the traffic 
streams can be a five-element group (source/destina- 
tion IP addresses, source/destination port numbers and 
protocol number), a four-element group (source/desti- 
nation IP addresses, destination port number and pro- 
tocol number) or a seven-element group. 
[0023] In step B, the edge router of the access net- 
work judges whether the access network has the ability 
of providing enough resources for this service; if so, step 
C is executed, otherwise the edge router asks the net- 
work service control layer to reject the service request 
of the subscriber. 

[0024] Having pre-planed resources and topology 
structure of the access network, the edge router obtains 
the information about network topology structure and 
bandwidth resources of each interface through static 
configuration or dynamic management protocol, and 
records the tying relationship between the subscriber 
identifier, such as IP address, allocated inside the ac- 
cess network and the end device of the access network. 
The bandwidth resource refers to the bandwidth of the 
Ethernet links for Ethernet and IP DSALM access mode, 
and refers to the bandwidth from DSLAM to BAS for ATM 
DSLAM access mode. 

[0025] After receiving a resource request for the serv- 
ice, the edge router computes the bandwidth between 
the end devices of the access network and the edge 



router according to the relevant parameters of the serv- 
ice request. If there are no enough resources in the ac- 
cess network, the edge router will notify corresponding 
service entity to reject the service request. In contrast, 

5 if there are enough resources, the information will be 
sent back to corresponding service entity. After receiv- 
ing the confirmation information from this service entity, 
the edge router will make corresponding processing ac- 
cording to the directions of traffic streams. 

10 [0026] In step C, if the service has upward traffic 
streams in the access network, the edge router will in- 
form the end devices of access network of the QoS pa- 
rameters of the traffic streams, and the end devices will 
process the traffic streams based on the QoS parame- 

15 ters. If the service has downward traffic streams in the 
access network, the edge router will define priorities of 
the traffic streams in the access network and forward 
the traffic streams. 

[0027] In detail, the edge router of the access network 
20 will make the following processes for traffic streams 
based on their directions. 

[0028] For upward service streams, the edge router 
sends QoS commands involving QoS parameters to 
corresponding access network end devices in the ac- 
25 cess network through management protocol, and asks 
the access network end devices to process the traffic 
streams based on the QoS parameters. The QoS com- 
mands sent to the access network end devices include 
bandwidth and parameters for identifying traffic 
30 streams. According to the application environment, the 
parameters for identifying the traffic streams can be a 
five-element group (source/destination IP addresses, 
source/destination port numbers and protocol number), 
a four-element group (source/destination IP addresses, 
35 destination port number and protocol number) or a sev- 
en-element group. After having received the QoS pa- 
rameters of traffic streams, the access network end de- 
vices set the items of stream classification table based 
on the parameters for identifying the traffic streams, im- 
40 plement stream classification for the upward traffic 
streams of subscriber, and then make corresponding 
processes based on the stream classification result. For 
the service streams that are matched with the stream 
classification table, the bandwidth management, such 
45 as bandwidth limitation, is processed according to band- 
width parameters. During forwarding the traffic streams 
for Ethernet access or IP DSLAM access, the packets 
are set with high priorities first and forwarded then. Dur- 
ing forwarding the traffic streams for ATM DSLAM ac- 
so cess, the service streams are sent on PVC with guaran- 
teed QoS for further forwarding. In this way, since band- 
width of the PVC with guaranteed QoS is allocated ac- 
cording to the stream classification result, the bandwidth 
can be shared according to traffic streams of subscrib- 
55 ers, which overcomes the disadvantage of the prior 
method that a single subscriber uses the whole band- 
width for guaranteeing QoS with CBR mode. The traffic 
streams that are not matched with the stream classifi- 
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cation table will be processed as traffic streams without 
guaranteed QoS. During forwarding the traffic streams 
without guaranteed QoS for Ethernet access or IP 
DSLAM access, the packets are set with low priorities 
first and then forwarded, and for ATM DSLAM access, 5 
the traffic streams are sent to PVC with UBR mode for 
further forwarding. 

[0029] For downward traffic streams, the edge router 
doesn't need to send relevant commands to access net- 
work end devices. If the priorities of the traffic streams 10 
can be determined trough the backbone network or the 
traffic streams themselves, the received traffic streams 
are set priorities in access network according to service 
levels of the traffic streams directly, and then forwarded. 
Otherwise, the edge router makes stream classification 15 
first, and then forwarding the traffic streams based on 
the priorities in access network after identifying traffic 
streams. 

[0030] For the traffic streams with upward and down- 
ward directions, the edge router processes the traffic 20 
streams according to the processing of upward direction 
and that of downward direction respectively. 
[0031] If the originator and the receiver are subscriber 
of the same access network, the service procedure is 
implemented separately according to the above-men- 25 
tioned procedures. 

[0032] Before receiving QoS commands from the 
edge router, access end devices deal with traffic 
streams from subscribers as a service without guaran- 
teed QoS. That is, the access end devices forward the so 
packets after setting low priorities to them first. For ATM 
DSLAM access, service streams are sent to PVC with 
UBR mode for further forwarding. 
[0033] The devices of the third type located between 
the edge router and access end devices only forward IP 35 
packets according to their service levels. 
[0034] After the subscriber terminates the service, if 
there are upward traffic streams, the access network 
end devices will receive QoS release commands from 
the edge router, and then cancel corresponding items 40 
of the stream classification table. 

[0035] As shown in Fig.5, the subscriber 1 in access 
network 1 wants to send traffic streams with guaranteed 
QcS to the subscribers in access neiwork 2. First, the 
subscriber 1 sends out a service request, after analyzing 
the addresses of the subscribers 1 and 2, i.e., the ad- 
dresses of the calling and called subscribers, and rele- 
vant QoS parameters, the service entity at network con- 
trol layer applies for network resources from the access 
networks 1 and 2 for the service. The edge routers R1 so 
and R2 determine whether enough resources can be 
provided for the service according the current resource 
situation of the access networks 1 and 2 respectively. If 
both the access networks 1 and 2 can provide enough 
resources, the edge routers R1 and R2 return the infor- 55 
mation to the service entities. After receiving confirma- 
tion messages from the service entities, the edge router 
R1 of the access network 1 sends QoS commands in- 



volving QoS parameters to the end device L2-1 . Accord- 
ing to the QoS parameters, the end device L2-1 sets 
items of stream classification table to making stream 
classification operations for the upward traffic streams 
of the subscriber 1 , and matches the results of stream 
classification operations with the items of the stream 
classification table. The traffic streams matched with the 
items are managed and forwarded according to the 
bandwidth parameters. The unmatched traffic streams 
are processed as traffic streams without guaranteed 
QoS. At the same time, for the downward traffic streams, 
if their priorities can be obtained through methods for 
backbone network or traffic streams themselves, the 
edge router R2 of the access network 2 transforms the 
service levels of the traffic streams forwarded from the 
backbone network to priorities used in the access net- 
work without sending relevant commands to access net- 
work end devices, and then forwards the traffic streams 
to the end device L2-2 from which the subscriber 2 can 
receive the traffic streams. Otherwise, the edge router 
R2 makes stream classification operations first, and 
then forwards the traffic streams to the end device L2-2 
from which the subscriber 2 can receive the traffic 
streams after identifying the traffic streams. 
[0036] If the access network 1 or 2 cannot provide 
enough resources for the service, the corresponding 
edge router will notify the service entities to refuse the 
service request of subscriber 1 . 
[0037] If the traffic streams between subscribers 1 
and 2 are bi-directional, it is necessary forthe edge rout- 
ers R1 and R2 not only to send QoS commands to the 
end devices L2-1 and L2-2 respectively, but also to for- 
ward the service streams received from the backbone 
network. 

[0038] ft can be seen from above that services with 
guaranteed QoS can be provided on a broadband ac- 
cess network with the method according to the inven- 
tion. The end-to-end services with guaranteed QoS can 
be provided through the combination of the scheme for 
IP backbone network and the method according to the 
invention. 



Claims 

1 . A method for providing services with guaranteed 
Quality of Service (QoS) in an IP access network, 
comprising: 

a. a service entity at the network service control 
layer obtaining the addresses of the calling sub- 
scriber and the called subscriber and QoS re- 
quirement for the service through analyzing the 
service request, then applying for network re- 
sources to corresponding access network; 

b. the edge router of said access network judg- 
ing whether enough resources can be provided 
for this service according to the current re- 
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The service entity obtaining the addresses of the 
calling and called subscribers and QoS 

parameters of the service through analyzing the 
service request, then applying for network 
resources to corresponding access network 
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If there are upward traffic streams of the access 

network in this service , the edge router 
informing an access network end device of the 
QoS requirement for the service , the access 
network end device processing the traffic 
streams according to the QoS requirement ; if 
there are downward traffic streams of the access 

network in this service , the edge router 
transforming the service levels into priorities in 
access network for this service and forwarding 
the traffic streams 
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